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Abstract
In August 2007, Petrobras and IFP have initiated a common research project on Carbon Capture Storage to determine the
feasibility of CO2 injection and underground storage in an oil field located in Recôncavo Basin, a mature basin of northeastern
Brazil. Petrobras has a strong experience of more than 15 years in the management of CO2 for EOR and aims to develop a long
term vision of CO2 permanent storage. IFP is developing an ambitious R&D program on CCS for knowledge acquisition and
technology development on the all chain, both under in-house projects and large collaborative efforts (EU project CASTOR,
CO2STORE, CO2ReMoVe...).
The aim of the first phase of the project is to take the opportunity of the existing CO2 injection for more than 15 years in the
Buracica oil field for the development and validation of technology needed for CO2 storage. The main reservoir unit is
predominantly constituted of eolic sandstone facies and is isolated from the other reservoirs by a shaly sand barrier. The cap rock
is a thick clay formation. The CO2 was only injected in the top reservoir of the field.
A unique program was design to combine detailed experimental and modeling work to assess the impact of CO2 injection on the
storage. Both petrophysical and mineralogical changes will be assessed along the CO2 path within the reservoir from the injection
to the production wells. One of the main goals is to asses the rock/fluid interactions due to CO2 injection and the different
reactions that took place along the CO2 migration path within the reservoir and its impact on the cap rock. The aim is to provide a
documented data set to enable reaction transport modeling benchmarking.
To complement the standard monitoring measurements, geochemical monitoring will be initiated both at reservoir and surface
level to ensure storage integrity after CO2 injection.
The paper presents the main features of the project, as well as the results attained so far.
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1. Introduction
In August 2007, Petrobras and IFP have initiated a common research project on Carbon Capture Storage to
determine the feasibility of CO2 injection and underground storage in an oil field located in Recôncavo Basin, a
mature basin of northeastern Brazil. Petrobras has a strong experience of more than 15 years in the management of
CO2 for EOR and aims to develop a long term vision of CO2 permanent storage. IFP is developing an ambitious
R&D program on CCS for knowledge acquisition and technology development on the all chain, both under in-house
projects and large collaborative efforts (EU project CASTOR, CO2STORE, CO2ReMoVe...).
2. Scope of the project
This project aims to initiate a collaboration R&D program between Petrobras and IFP focused on CO2 capture
and geological storage as an option for reducing greenhouse gases emissions in the atmosphere.
On one hand, Petrobras has a strong experience of more than 15 years in the management of CO2 in the Salvador
area (Recôncavo Basin): capture in industrial plants, compression and transport, and injection for EOR purpose in
the Buracica oil field. Moreover, Petrobras has plans for the development of a combined EOR / long term storage in
the oilfields. On the other hand, IFP is developing an ambitious R&D programme on CCS for knowledge acquisition
and technology development on the all chain, both under in-house projects and large collaborative efforts (EU
project CASTOR ...). Active participation to real site implementation will be a key issue for IFP for validation of
methodologies and technologies developed under research and development programmes.
The objectives are to carry out a work program which will determine the feasibility of CO2 injection and
underground storage in an oil field located in Recôncavo, a mature basin of north-eastern Brazil. Petrobras' interest
lies in a combined CO2 project with an EOR production phase, with a long term vision of CO2 permanent storage.
The research program can be based on different areas of interest:
• Development of a capture, transport and combined EOR / long term storage project in the Miranga oil field
(injection could start in 2008).
• Take the opportunity of the existing CO2 injection for more than 15 years in the Buracica oilfield for the
development and validation of technology needed for CO2 storage
It can also be mentioned that separating CO2 from the biogas is a new concept (a world premiere!) for a
demonstration plant on capture of CO2, to be studied from a technical and economical point of view. Another non-
technical objective of the project is to ensure a strong dissemination and communication of the project results and to
propose the Bahia project for CSLF recognition.
The objectives of the Bahia project can be summarised as follows:
• Prepare a fully-monitored CO2 storage project.
• Validate methodologies and tools on a field where CO2 has been injected for a long time period (more than
15 years).
The Recôncavo Basin is located in the state of Bahia in north-eastern Brazil and is part of a rift formed between
the Late Jurassic and the Early Cretaceous. The exploration of the basin started in the 1930's and hydrocarbon
reserves were economically viable in the 1950’s and 1960’s. Nowadays, the basin is no longer a prime hydrocarbon
target, but because it has undergone production and benefited from many studies that have greatly enhanced the
understanding of the hydrocarbon system, it has been suggested as a prime candidate for CO2 investigation, either
for EOR and/or alternatively as a CO2 storage site, if and when the prerequisites for safe storage are met. This is one
of the main objectives of the project and can only be evaluated by a prior detailed study of the reservoirs, the cap
rocks and the overall setting of the field.
3. Description of the project
In its initial stage, the project is mainly focused on the Buracica oil field which is described in the following.
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3.1. Buracica field history
Buracica field is located in Recôncavo Basin at a distance of about 85 km to the North of the city of Salvador. An
immiscible CO2 flooding project was implemented in Sergi-C reservoir (also known as Sergi-1) in the Main Block
of the field. The additional recovery factor is about 9.5% of OOIP i.e., it was expected to recover more 4.4% of oil
over the pre-injection production [1].
Sergi-C is one of the reservoirs of Sergi Formation, which is divided in 14 production zones with eolic and
fluvial facies. Sergi-C is predominantly constituted of eolic facies and is isolated from the other reservoirs by a shaly
sand barrier. In the Main Block, Sergi-C has an average dip angle of 6 degrees and an average thickness of 9 meters.
The original oil region occupies an area of about 7 km2 enclosed in rectangle measuring 2 km x 4 km. Measured in
relation to the sea-level, the depth of the original oil/water contact is –525 meters, and the highest portion of the
reservoir has a depth of – 305 meters (at the North of the reservoir and limited by a sealing fault). The reservoir has
an average porosity of about 22% and an average initial water saturation of about 24%, and its permeability ranges
from 150 to 900 millidarcies. The reservoir temperature is on average 44 ºC, the oil gravity is 35ºAPI and the oil
viscosity ranges from 2 to 10 centipoises for the usual range of pressure at reservoir conditions.
Figure 1 Map of location of active wells: oil producers (white dots), CO2 injectors (yellow dots) and water injectors (orange dots).
Figure 2 Oil production rate (above) and CO2 injection rate of Sergi-C reservoir of the Main Block [1].
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The CO2 is injected through 7 wells down flank of the structure as illustrated in Figure 1. To have an idea of how
much the CO2 injection represented in terms of additional recovery, the expected ultimate recovery factor before the
CO2 injection was of only 31.1%, and in May 1991, when the CO2 injection project began, the oil recovery was in
29.4% as illustrated in Figure 2. However, in order to improve the sweep efficiency and recovery, seven water
injection wells were started as water blocking for CO2 to minimize CO2 breakthrough at the production wells.
Nowadays, the field is nearing the end of its economical life and might be converted to a geological storage of
CO2 if excess CO2 was available which is not the case given the economical potential of EOR on near-by Miranga
field.
3.2. CCS Project in Recôncavo Basin
The CCS project launched between Petrobras and IFP aimed at studying during its first stage the impact of the
15-year CO2 injection on the reservoir rock properties and its cap rock. Therefore, an ambitious experimental
program was designed to evaluate the changes of petrophysical properties (permeability, porosity) and multiphase
properties (relative permeability, capillary pressures) of the reservoir and cap rock due to CO2 injection. Several
core samples were selected in different wells along the CO2 path in the reservoir and the transition zone between
reservoir and cap rock. Throughout the field life, the cap rock does not seen to be altered by the CO2 injection. The
research project aimed to quantify the eventual change in petrophysical or mechanical properties both in the cap
rock and the reservoir and the transition zone between reservoir and cap rock.
The proposed project will be structured around different technical work-packages summarized below:
• Rock-fluid interactions
• Well integrity
• Geochemical monitoring
• Long-term performance assessment
3.2.1. Rock / Fluid interactions during CO2 injection (Buracica)
Three main objectives are:
• Study the rock/fluid interactions mechanisms from Buracica field reservoir rocks samples exposed with CO2 for
15 years.
• Evaluate the impact of a CO2 injection on the well injectivity.
• Evaluate the long-term behavior of the CO2 both in the reservoir and at the cap rock interface.
When injected down hole, the specificity of the CO2 is to make the water phase acid and potentially reactive
towards the rock. Several experimental and numerical works have evidenced that CO2 injection can lead to severe
rock/fluid interactions depending on the thermodynamic conditions, the nature of the fluids in place and also the
hydrodynamic regime in carbonate reservoirs. In sandstone reservoirs like Buracica, the rock/fluid interactions
mechanisms associated with a CO2 injection are much more complex but can also lead to significant modifications
of the petrophysical properties of the reservoir rock. Acid stimulation of sandstone reservoirs is well known in the
oil industry as a process capable of providing substantial production improvements of hydrocarbons. However, this
technique is still considered risky because of primary and particularly secondary, and tertiary reactions between acid
and rocks. The terms of primary, secondary and tertiary reactions are employed in the sense that they occur at
different time scale, and may imply chain reactions. During injection, mineral precipitates resulting from these
reactions can deposit in the pores of the rock and possibly negate the positive impact of the primary reaction. On the
contrary, for long term storage, mineralogical storage of the acid gas is essential in order to limit the acid attack on
cap rocks and prevent a possible leakage. Being able to assess the extent and timing of the secondary and tertiary
reactions under reservoir and cap rocks conditions is therefore critical for preparing a CO2 storage and constitutes
the main goal of the work program.
3.2.1.1. Rock/fluid interactions mechanisms study of samples exposed to a CO2 aggressive conditions during 15
years
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Because it has been subjected to CO2 injection for 15 years, the Buracica field represents a very good opportunity
to investigate the impact of rock/fluid interactions over a 1:1 scale “experiment”. Even if some work can be done on
cuttings, this work should rather be based on the comparison between core samples collected before and after
injection. Such material will enable us in particular to quantify and locate the rock/fluid interactions (damaged
mineralogy) mechanisms at the reservoir scale by taking into account the reservoir history and the reservoir
heterogeneities. The core sample available from Buracica field will be selected to represent the rock historical
contact with CO2: some sample weathered for several years in contact of CO2, some virgin. Complete mineralogical
analysis (XRD analyses, Microprobe cartography and TEM investigations), CT-scan characterization will be carried
out to identify and quantify the changes and heterogeneities generated by the 15-year CO2 injection. Both the
reservoir and the cap rock interface (namely, the two sides of the interface, i.e., the clay-rich overburden unit and the
sandstone reservoir) will be considered for the study. In addition petrophysical characterization (permeability,
porosity) will be carried out and match with COORES, IFP multiphase reaction-transport simulator [2]. Such
comparison will enable to evaluating the capacity of the existing models to predict the middle / long term fluid-rock
interactions in the case of CO2 storage.
3.2.1.2. Injectivity characterization
A reliable prediction of the injectivity evolution over the time of the CO2 injection can only be obtained if the
multiphase reaction transport simulator takes properly into account both the adequate reactions and the proper
evolution of the permeability as a function of the porosity changes. Therefore, core flood and batch experiments will
be performed to properly capture both the geochemical and the petrophysical (permeability evolution) features of
the rock/fluid system considered for the thermodynamic conditions of the reservoir. Then numerical simulations will
be carried out to parameterize the code behavior in near-well bore conditions to study the injectivity evolution given
the reservoir heterogeneity. Different experiments both batch and brine-CO2 flow through will be carried out at
reservoir conditions.
3.2.1.3. Cap rock integrity characterization
This task aimed to characterize the long-term fate of the CO2 and its influence primarily on the cap rock interface
(mineralogy and pore structure).Therefore, the main objectives of this task will evaluate if the CO2 has a positive or
a negative impact on the cap rock sealing properties. The core sample available will be characterized in terms of
petrophysical properties (porosity, permeability, CO2/brine displacement pressure) and mineralogy. Batch
experiments with cap rock powder and samples will enable to identify the governing geochemical reactions and to
obtain altered samples under representative conditions. Complete petrophysical characterization of the altered cap
rocks samples will enable to confirm the rock/fluid alteration of the cap rocks. The mechanical behavior of cap
rocks samples will be characterize before and after alteration under tri-axial stress.
3.2.2. Well integrity (Buracica)
The objective is to study the influence of CO2 on the behaviour of wells in the Buracica field given the 15 year
return on experience and to assess confinement over a very long period of time. Therefore, the mechanisms of
physico-chemical evolution of materials used for primary cementing will be analyzed. The most relevant wells
(available cement composition and sample, documented cement sheat quality) will be sampled given the available
field data and results from the prior geochemical survey.
The cement samples will be aged a few tenths of years to study their state: microstructure, mineralogy, porosity,
transport properties, mechanical properties. The data thus obtained will help us to understand the physico-chemical
mechanisms occurring in cement pastes, and to compare them to those observed in laboratory experiments
(performed on a smaller time scale). The acquired data will be the reference point to model physico-chemical
reactions of cementing materials with a coupled reactive transport code. After full characterization (petrophysical,
mineralogical, mechanical), the evolution of cementing materials will be modeled with COORES [2].
3.2.3. Geochemical monitoring
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In Buracica field, CO2 injection in a depleted reservoir structure has been in operation for more than 15 years for
oil enhancement recovery. The organic and inorganic geochemical changes induced by acid gas injection have not
been well studied to date in that field, but are important features for safe long term management procedures.
However, as most of the CO2 will be dissolved in the oil, the impact of CO2 dissolution in the in-situe water is not
expected to be important but they could be enhanced by the injected water. A post injection geochemical
monitoring, both at surface and in the storage, in Buracica should assess the long term confinement for geological
storage of CO2.
3.2.3.1. Geochemical mapping of gas compositions in the reservoirs today
Gas analyses (injected gas and gas in the reservoir) will enable to establish mixing and partitioning curves
correlated to in situe reservoir gases, during the injection of acid CO2 in massive volumes for a long period of time.
The gas analyses (13δ CO2, chemical abundance of noble gases such He, Ne, Ar, Kr, Xe) are proposed as semi-
permanent control checks and rapid investigative methods for the follow up of gas migration in a reservoir. A
cartography of the gas composition dissolved in oil and associated waters would provide valuable information. More
over, the time evolution of gas analyses should allow monitoring changes in gas composition. Gas samples will be
collected at the well heads with an appropriate grid during different seasons of the year.
3.2.3.2. Diffusion experiments and quantification of gas bubbles through cap rocks
Limited work has been done on the diffusion process and effect of acid gases through reservoir sandstones or cap
rocks to quantify and monitor the distances and fluxes involved in upward migration of gaseous molecules in a
reservoir. Experimental work undertaken aims at quantitatively modeling the diffusion of gas in a porous medium
saturated with pure water. Such experiments can provide key understanding to the diffusion process of dissolved or
gaseous CO2 associated with other gases. The experiments attempt to quantify the flux of gas through a rock matrix
saturated with water, and attempt to estimate the chemical and isotopic fractionation of different gases as a function
of the porosity and permeability. In anticipation of monitoring a field with geochemical tools, the benefits of such
experiments using natural samples with reservoir salinity conditions are numerous. First of all, because they may
provide the fitting to a specific reservoir rock composition and naturally occurring porosity and permeability
conditions. The aim of the experiments is to ultimately widen the patterns observed at the pore scale to larger natural
scales, and to combine the use of natural tracers such as noble gases (He, Ne, Ar, Kr and Xe) present in petroleum
reservoirs in specific chemical abundance with proper isotopic signatures, to follow a gas plume.
3.2.4. Monitoring feasibility
The Buracica field is nearing the end of its economic life. A significant data set of various monitoring
measurement from oil exploitation is available (logs, well-tests, seismic surveys and VSP). These data enable to
establish the base line and the measurable or detectable effects of the presence of CO2 and to understand the paths
followed by the gas in the reservoir and possibly outside of it.
3.2.5. Long-term performance assessment and risk analysis (Buracica)
The long term performance assessments aim to model the behavior of CO2 within the reservoir and its geosphere
over the next 1000 years or so. Consequently, a risk analysis and evaluation will be performed using the Buracica
field data. All data obtained from laboratory and monitoring will be used for this purpose. The multi-component
multiphase flow simulator COORES [2], developed by IFP, will be used to compute the fate of CO2 based on the
existing data and models. Using the experimental design approach, a proxy of the field model may be computed and
used in the risk scenarios. A sensitivity analysis to the key storage parameter will be performed prior to the proxy
model computation. The risk assessment method will establish future risk scenarios which represent the possible
future flow and fate of CO2 for 1,000 years after injection.
4. Conclusions
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The paper presents the Petrobras-IFP CCS project in Recôncavo Basin. The aim of the first phase of the project is
to take the opportunity of the existing CO2 injection for more than 15 years in the Buracica oil field for the
development and validation of technology needed for CO2 storage. The main reservoir unit is predominantly
constituted of eolic sandstone facies and is isolated from the other reservoirs by a shaly sand barrier. The cap rock is
a thick clay formation. The CO2 was only injected in the top reservoir of the field.
A unique program was design to combine detailed experimental and modeling work to assess the impact of CO2
injection on the storage. Both petrophysical and mineralogical changes will be assessed along the CO2 path within
the reservoir from the injection to the production wells. One of the main goals is to asses the rock/fluid interactions
due to CO2 injection and the different reactions that took place along the CO2 migration path within the reservoir
and its impact on the cap rock. The aim is to provide a documented data set to enable reaction transport modeling
benchmarking.
To complement the standard monitoring measurements, geochemical monitoring will be initiated both at
reservoir and surface level to ensure storage integrity after CO2 injection.
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